Introduction
============

β-thalassemia syndromes are a group of hemoglobin disorders caused by mutations in the β-globin gene resulting in reduction (β ^+^ mutations) or loss (β ^0^ mutations) of β-globin chains synthesis ([@B1], [@B2]). β-thalassemia is a monogenic autosomal recessive disease fairly common worldwide but it is considered prevalent in the Middle East and especially Iran; close to 3 percent of the world population and an average of 5 percent of the Iranian population are carriers of β-thalassemia ([@B2]--[@B6]). Hence, detection and screening for couples at high risk can help to solve the problems of this disease. So far, close to 200 different mutations in the β-globin gene have been reported that associated with the onset of the disease ([@B5]). In Iran, near to 20 mutations are introduced as common mutations including varying incidence frequencies in each city ([@B3], [@B7]). There have been several studies in order to identify common mutations in different cities of Iran ([@B3], [@B7]--[@B13]).

In 2008, Derakhshandeh-Peykar et al. identified IVSII-I (G-A) with 41% frequency, FSC-8/9 (+G) with 10% frequency, IVS-I-5 (G-C) with frequency of 24%, FSC-36/37 (−T) with 29% frequency and IVS-I-110 (G-A) with 7% frequency as common mutations in Iran ([@B7]).

RFLP (Restriction Fragment Length Polymorphism), ASO-PCR (Allele Specific Oligo nucleotide-Polymerization Chain Reaction) and sequencing are used as a routine tests for genotyping and identifying β-thalassemia mutations in distinct populations, but each method still suffers from specific weaknesses and therefore, finding a simple, sensitive, accurate and inexpensive method for screening purposes is still one of the major problems in genetic diagnostic laboratories ([@B14]--[@B16]). In 2001, Shu Ye et al. introduced a simple and cost-effective method for genotyping single nucleotide polymorphisms called tetra-primers ARMS PCR (tetra primer amplification refractory mutation system) ([@B17]). This method includes a PCR reaction in a vial with two sets of primers followed by an electrophoresis analysis on agarose gel. One set of primers are specific for variety or polymorphism (inner primers) and the others one are outer primers that create control bond in PCR reaction. Inner primers are specific for mutant and wild type alleles and they are designed opposite of each other. PCR reaction using outer and inner primers were done in one vial, so two outer primers and inner-outer primers can react with each other and create different product with different length that they could be separated on gel electrophoresis. In [Fig. 1](#F1){ref-type="fig"}, a schematic drawing for detecting single nucleotide polymorphisms by using the T-ARMS technique is presented. Unlike ASOPCR, in T-ARMS, for much specificity, two inner primers have another mismatch at second nucleotide near 3′ end.

![Schematic drawing of tetra-primers ARMS-PCR method. Genetic variation shown is a single nucleotide substitution. By using two pairs of primers, two different and specific segments are amplified for each nucleotide. Specificity of each of these two primers is because of a mispairing at the 3′ ends of the inner primers. However, to make the bindings more specific, a second mispairing is introduced at the second position at the 3′ end of each inner primer ([@B17])](ijph-44-380f1){#F1}

Rules for selecting a nucleotide for additional mismatch in T-ARMS are: a strong mismatch (G/A or C/T) at the 3′ end of an allele- specific primer will likely require a weak second mismatch (C/A or C/T) and vice versa, whereas a medium mismatch (A/A, C/C, G/G or T/T) at 3′ end will likely require a medium second mismatch. In some studies, T-ARMS PCR was used extensively for identification of mutations and polymorphisms and its accuracy and efficiency in genotyping of various mutations has been optimized and validated ([@B18]--[@B20]).

The aim of this study was designing and optimization of T-ARMS technique for genotyping IVSII-1 (G-A) and FSC-8-9 (+G) in β-thalassemia patients, which they are two of the most common mutations in the population of Isfahan ([@B7]).

Materials and Methods
=====================

Subjects and study design
-------------------------

The present study was performed in two-groups of case and control to evaluate accuracy and efficiency of tetra-primers ARMS PCR technique for detection and screening of patients.

Samples and DNA extraction:
---------------------------

After obtaining informed consent from healthy individuals and patients affected β-thalassemia major referred to the Isfahan's Omid Hospital, between 2012 -- 2014, 5ml of blood samples were taken from 10 healthy individuals and 30 patients (including 15 men and 15 women with a mean age of 24.76 ± 4.5 years). Then blood samples were collected in tubes containing EDTA. Leukocyte genomic DNA was extracted from blood samples using the standard method of salting out with slight modification ([@B21]). Genomics DNA were stored in −20°C after determining their relevant concentrations and analyses on gels electrophoresis.

Primer designing
----------------

In order to design the required primers, the sequence surrounding the β-globin gene was first taken referring to gene information bank located in the NCBI online databank (<http://www.ncb-i.nlm.nih.gov>). Subsequently, suitable primers were designed by using the Primer3 tool (<http://frodo.wi.mit.edu/cgibin/primer3>) and the final analyses were performed using the Oligo 7 software package. [Table 1](#T1){ref-type="table"} shows the primers sequences, binding temperatures and length of PCR products for each allele. As described above, for each mutation genotyping, there are two pair primers sets, one set is the outer primers (outer forward (OF) and outer reverse (OR)) and the other one is inner primers (inner forward (IF) and inner reverse (IR)). In genotyping of IVSII-1 (GA) mutation, the IVSII-I OF and IVSII-I OR were used for amplification of the 391 bp fragment representing the control segment. IVSII-I OF and IVSII-I IR primers were used for amplification of the 268 bp fragment representing the healthy allele (G); and finally amplification of the 172 bp fragment, for identifying the mutant allele (A), was done by IVSII-I IF and IVSII-I OR primers. For the FSC-8-9 mutation, the FSC-8-9 OF and FSC-8-9 OR primers were used for amplification of the 268 bp control fragment; FSC-8-9 IF and FSC-8-9 OR were used for amplification of the healthy allele (−G) with the length of 108 bp; and FSC-8-9 OF and FSC-8-9 IR primers were used for identifying the mutant allele (+G) with the length of 216 bp.

###### 

List of primer sequences, binding temperature, and length of the amplified segment for genotyping of IVS-II-I and FSC 8/9 mutations

  **Genetic mutation**   **Primer sequences**                                                                  **T~m~**   **Annealing temperature**   **Amplified size**
  ---------------------- ------------------------------------------------------------------------------------- ---------- --------------------------- ---------------------------------
  IVS II-I (G-A)         Forward inner primer (IVS II-I IF) (A allele): 5′-CGTGGATCCTGAGAACTTCATGA-3′          63         55                          172 bp (A allele)
                         Reverse inner primer (IVS II-I IR) (G allele): 5′-AAACATCAAGCGTCCCATAGACTAAC-3′       62         55                          268 bp (G allele)
                         Forward outer primer (IVS II-I OF): 5′-TCTATTTTCCCACCCTTAGGCTG-3′                     62         55                          391 bp (form two outer primers)
                         Reverse outer primer (IVS II-I OR): 5′-CTAAAACGATCCTGAGACTTCCACA-3′                   62         55                          
  FSC 8/9 (+G)           Forward inner primer (FSC 8/9 IF) (−G allele): 5′-CCATGGTGCATCTGACTCCTGAGGAGACGT-3′   74         68                          108 bp (−G allele)
                         Reverse inner primer (FSC 8/9 IR) (+G allele): 5'-CCCCACAGGGCAGTAACGGCAGTCC-3′        74         68                          216 bp (+G allele)
                         Forward outer primer (FSC 8/9 OF): 5′-TTAGACCTCACCCTGTGGAGCCACACCCT-3′                73.8       68                          268 bp (form tow outer primers)
                         Reverse outer primer (FSC 8/9 OR): 5′-CTTGATACCAACCTGCCCAGGGCCTCAC-3′                 74         68                          

Polymerase chain reaction and electrophoresis
---------------------------------------------

Each PCR reaction was performed in a final volume of 25 μl, including 100 ng of genomic DNA, 3.5 μl of 10x solution buffer, 1.5 μl of a 10 μM of four mixed dNTPs, 1.5 μl of 50 mM of Mgcl2, 0.25 μl of 5u/μl Taq DNA polymerase (Cinnagene, Co., Iran) and appropriate concentrations of each primer. In order to optimize for multiplex conditions, a temperature gradient along with a concentration gradient of MgCl~2~ was performed. The optimal time/temperature values for the experiments were as follows: the initial melting step of 95°C for 3 minutes; 30 cycles of thermal denaturation in 95°C for 30 seconds; annealing temperature of 55°C for IVSII-I mutation and 68°C for FSC-8-9 mutation for 35 seconds; initial replication in temperature of 72°C for 1 minute; and final elongation in 72°C for 10 minutes.

After completion of PCR reactions, the products were run on 2% agarose gels alongside a 100 bp marker. After electrophoresis and a dying step with ethidium bromide, bands were observed using a UV Gel Doc apparatus.

Results
=======

Optimization of T-ARMS multiplex conditions for genotyping of IVSII-I mutation:
-------------------------------------------------------------------------------

In order to optimize genotyping of IVSII-I mutation by using the T-ARMS technique, after designing the primers ([Table 1](#T1){ref-type="table"}), the temperature and concentration gradient of MgCl~2~ were performed for each pair of primers in separate vials using PCR technique. The temperature of 55°C with a concentration of 6mM of MgCl~2~ was chosen as optimum annealing temperature and concentration respectively. Control, wild type and mutant product of IVSII-I for patient and health control with optimal annealing temperature and Mg concentration are shown in [Fig. 2](#F2){ref-type="fig"}. In the next step, polymerase chain reaction as a multiplex was performed in a vial with specific concentrations of each primer. Performing multiplex reaction with specific concentrations and different ratios of outer and inner primers showed the optimal concentration for IVSII-I should be 3 pM for outer primers (IVSII-I OF and IVSII-I OR) and 15 pM for inner primers (IVSII-I IR and IVSII-I IF; [Fig. 3](#F3){ref-type="fig"}).

![PCR amplification for detection of IVSII-I mutation in separate vials. In lanes 1 and 4, IVSII-I OF and IVSII-I OR primers are used, representing the control sequence. In lanes 2 and 5, IVSII-I OF and IVSII-I IR primers are used, representing the healthy sequence (allele G). Finally, in lanes 3 and 6, IVSII-I IF and IVSII-I OR) are used, representing the mutant sequence (allele A). M is a 100 bp ladder](ijph-44-380f2){#F2}

![PCR amplification for detection of IVSII-I mutation in one vial using T-ARM technique (multiplex PCR). From left to right, the first lane contains a 100 bp ladder, followed by samples from patient individuals (lanes 1 to 6)](ijph-44-380f3){#F3}

Optimization of T-ARMS multiplex conditions for genotyping of FSC-8/9 mutation
------------------------------------------------------------------------------

For FSC-8/9 mutation, optimum temperature and concentration gradients of MgCl~2~ 50mM was 68°C and 1.5 μl which obtained by amplification of each fragment in separate vials ([Fig. 4](#F4){ref-type="fig"}). In the next step, polymerase chain reaction as a multiplex was performed in a vial with specific concentration of each primers and it became evident that 5 pM of each primers is suitable for identifying the FSC-8/9 mutation. Results of optimal annealing temperature, primers and MgCl~2~ concentration for multiplex PCR have been shown in [Fig. 5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}.

![PCR amplification for detection of FSC-8/9 mutant in separate vials. From left to right, M is a 100 bp marker, then in the first three lanes are samples from patient 1 and the next three lanes are samples from patient 2. In lanes 1 and 4, FSC 8/9 IR and FSC 8/9 OF primers are used as indicators of mutant sequence (+G allele). In lanes 2 and 5, FSC 8/9 IF and FSC 8/9 OR primers are used as indicators of the healthy sequence (−G allele). In lanes 3 and 6, control primers (FSC 8/9 OR and FSC 8/9 OF) are used](ijph-44-380f4){#F4}

![PCR amplification for detection of FSC 8/9 mutation in one vial using T-ARMS technique (multiplex PCR). From left to right, M is a 100 bp marker; lane 1 is a sample from patient; lane 2 is a sample from a healthy individual. The sample from patient is confirmed as heterozygous in multiplex conditions, as demonstrated previously in separate vials](ijph-44-380f5){#F5}

![PCR amplification for detection of FSC 8/9 mutation in one vial using T-ARM technique (multiplex PCR). From left to right, in the first lane is a 100 bp marker, followed by samples from different patients (lanes 1 to 7). Except patient 3, having two alleles of FSC 8/9 mutant (homozygote for mutant), all other cases are healthy homozygote](ijph-44-380f6){#F6}

Frequency of IVSII-I and FSC-8/9 mutations in population of Isfahan
-------------------------------------------------------------------

Genotyping of 30 β-thalassemia major patients including 15 men and 15 women referred to Isfahan's Omid Hospital, showed the presence of 18 mutant alleles for IVSII-I mutation including 10 heterozygous individuals (samples 1, 2, 4, 8, 13, 15, 16, 18, 22, and 25) and 4 homozygous individuals (samples 10, 21, 24, and 27) in the studied population.

So, it could be estimated that mutant allele frequency of this mutation in β-thalassemia major patients in Isfahan's population to be 0.6. In addition, genotyping patients for FSC-8/9 mutation indicated the presence of 5 mutant alleles (frequency was 0.16) of this mutation including 1 homozygous individual (sample 3) and 4 heterozygous individuals (samples 2, 12, 13, and 23) in the studied population. Genotyping results from the cases studied here along with genotype distribution of each of the mutations in the related population are shown in [table 2](#T2){ref-type="table"}.

###### 

Frequency distribution of mutations IVS-II-I(G-A) and FSC 8/9 insG genotypes in both patients and healthy groups

  **Genotype**      **IVS II-I**   **FSC 8/9**                                        
  ----------------- -------------- ------------- ----------- ------------ ----------- -----------
                    G/G (%)        A/G (%)       A/A (%)     −G/−G (%)    −G/+G (%)   +G/+G (%)
  Patients number   16 (53.3%)     10 (33.3%)    4 (13.3%)   25 (83.3%)   4 (13.3%)   1 (3.3%)

Discussion
==========

β-thalassemia is a monogenic disease prevalent in Iran that not only results in long term costs for the health care system but more importantly imposes significant difficulties for families and individuals involved. In Iran, approximately 20 common mutations are introduced for β-thalassemia, each having different frequencies in various areas ([@B6]). We have developed a tetra-primers ARMS PCR for detection and genotyping of two common mutations in β-thalassemia (IVSII-I (G-A) and FS8-9 insG) in Isfahan population. Current using methods for genotyping in genetics libraries still suffer from specific weaknesses. The use of RFLP, despite high accuracy has technical difficulties, such as unavailability of an enzyme with the desired recognition site or high cost of obtaining such enzymes. As the ASO-PCR method relies solely on a single mismatched base pair at the 3′ end, results in low accuracy and needs to be verified by a more precise method. Moreover, in this method, primers are poured into separate vials and a control band confirming the correct conditions for the PCR reaction is absent. Among these, the sequencing could be the gold standard but it is not 100% error prone and should be accompanied by a second method. Also, sequencing is expensive and time consuming ([@B18], [@B22], [@B23]). The T-ARMS is a simple and cost-effective method for genotyping of single nucleotide polymorphisms. This method includes a PCR reaction in a vial with two pairs of primers and is followed by electrophoresis on agaros gel. Unlike the ASO-PCR method, in this technique, during the designing of inner primers, the second mispairing is placed in a specific place near the 3′ end resulting in an increase in specificity and accuracy, so that other primers of the mutant allele are unable to pair with the normal sequence or vice versa.

So far, no study was done on optimization method for genotyping mutations in β-thalassemia by T-ARMS. Here, we successfully adjusted and enhanced this method for recognizing two common mutations (FSC-8/9 and IVSII-I) of β-thalassemia in population of Isfahan. For each mutation, the optimal temperature and concentration of MgCl~2~ were found using temperature and concentration gradients in separate vials obtaining control, healthy and mutant bands. Temperature and concentration of MgCl~2~ was then verified in a multiplex environment and by testing for different concentrations and ratios of outer and inner primers, optimal values for each were acquired. In this way, it was observed that decreasing concentrations of outer primers compared to inner primers, as shown by Shu Ye et al. ([@B17]), produced better results in multiplex conditions for IVSII-I but had no effect in FSC-8/9, in which, equal concentrations of primers appeared to be more suitable. This result suggests that the optimization procedure for the T-ARMS method can differs depending on the sequences of the target gene, single nucleotide variances, and the specific properties of the primers. Therefore, a common rule regarding primer concentration ratio does not exist. In fact, it seems appropriate that achieving a set of suitable values for concentrations of MgCl~2~ and proper annealing temperature both are effective in optimizing the T-ARMS method.

In this study, genotyping of 30 patients admitted to Isfahan's Omid hospital with β-thalassemia major were performed for IVSII-I and FSC-8/9 using the T-ARMS method. Allele frequency of 60% for the IVSII-I mutation and allele frequency of 16.6% for FSC-8/9 in the studied population were obtained. Mutant allele frequencies for FSC-8/9 matched the previously reported valued by Derakhshandeh-Peykar et al. in population of Isfahan. However, observed allele frequency for the IVSIII is matched the reported value ([@B7]), and it is more than what had reported in other central cities of Iran ([@B3]). This difference, with respect to the number of patients admitted to Isfahan's Omid Hospital from other towns of surrounding areas and considering the lower number of samples in this study is justifiable.

Conclusion
==========

For the first time, genotyping of two common mutations in Isfahan's population, IVSII-I and FSC-8/9 mutations, were performed using a simple, cost-effective, and accurate method of T-ARMS and allele frequency of these mutations in 30 β-thalassemia major patients were studied.
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